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FOREWORD 

Activities and efficiency of Amy personnel and the adequacy of Army 
materiel are often conditioned by the maximum ambient temperatures that 
may be encountered. In general, it ie not enough to knew the absolute 
maximum that has occurred tnrough a series of years. It is more signif- 
icant to know how frequently given critically high temperatures may be 
expected. Since daily high temperature frequency tabulations are not as 
a rule available, it is desirable to devise a method for predicting these 
high temperature frequencies from available tenperature suonarles. The 
following study vrasents a method whereby the frequency of specified high 
teiqperatures may be predicted with considerable confidence when the only 
temperature items available are: (l) the absolute BBXIIBU« temerature, 
(2) the mean daily maximum, (3) the mean daily mininum, and (*0 the 
length of record. 
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ABSTRACT 

\ 
l The frewgncy and distribution of daily ■Btl— t«v«r»tux*s for any 

given^suaiaer"'aoBth (ifcy-Seotsriocr in northam headipbere) nay be pre- 
dicted vlth a considerable degree of confidence «ben only sunariMd data 
ar« available by uae of a mltlple noaograph.    Tb» noaograph and aaeo- 
clated table reprcaent 1+5 converted aean daily MTlnn» teq^araturei, 
bav:3g value* from ^ tc So, *ach of vbich ia aaaoelatad vlth a unlgua 
numerical pattern of converted predictive teaperaturc values.   The con- 
verted aean dally ■sxl'mua tanperature my be coagwted froa the nllowjig 
four itena uaually found in climatic suaaariaa: 

the BbsolutejMclsMjj 
daily aaxlauiy 

a daily"mlnlMaC 
ith of recOTÄT. 

ValueB on the nomograph have been determined by a detailed atudy of the 
frequency occurr«nc« of daily ■Htlaa through a 10-ysar period for Jfey, 
July and Septwfcer at twelve repreaentatlve atationa.    The method readily 
lends Itself to oachlne processing.» 

At the and of the report is an erbra eofy of both the nomograph and. 
the associated table, for easy withdrawal and uae in ü; ng prediction 
problems. 

vi 



A METHOD FOR PREDICTIKG TEE FROBABLS IBBQlUKSCY OF OCCURRZBCE 
OF MILT MAXIMUM TQtPERATURES FROM SIMMRIZED DMA 

Introduction 

k method le presentsd here for predicting dally —acLw tfl«per*turef 
and frequeneiet for any given euuwr month fron four itaao of «uoHu-lstd 
<ä«,t*, naaely: 

the absolute voxiaam  (AbMic)* for the aonth 
the nean dally aajdaaai (NDMc) 
the nean dally mlnliam (MDNL) 
the length of the record. 

xhe unlqvianeBs öf the asthod is ths "ssy — ^liih f0i»r itwM in a aianary 
record nay be used to reveal the pattern of aaymetiy of the frequency and 
distribution of dally IMTIIWI temperatures for any given «arm-season nonth 
(Fig.2 and 'fable HI,. The method does not require the UM of aatheaatl- 
cal models, but depends upon forty-five frequency patterns, detendned 
eaplrically, each of «bich is identified by the asyz rtrical position of 
the mean daily —ad— (Mute) between the absolute rm^itsm  (AbMc), and the 
mean daily ■InJaua (tOtt.) «hen the temperatures aw; sU converted to a 
100-unlt scale.*» 

P*ET I - C0VÄAÜS AID RtOCKSSm 

1.  Records used - area and tine coverafe 

For purposes of this study, the dally ■axl— taa^eratures (£Mc) for 
three "suaner"«»» ncmths (»i»y, J\jly and Septasd>er, 19l«6-1955) frm twelve 
representative iraather stations is the llnit«d States underscored in Figure 
1 vere use* — 36 records in all. Temperature data fron the underscored 
stations «ere frequency tabulated by the U.S. Air Weather Service, Data 
Control Unit. Tb« records troa the other stations aarkwd in Figure 1 «ere 
used to teet the reliability of the method. 

*8ee Abbreviations and Glossary, Appendix A. 
««ConvereloD to the 100-unit scale is explained in connection vith Table 

I. Also see references h  and 3. 
•**In this report a "suBner aonth" 1B considered one of the 5 or 6 «armer 

months of the year. Also, all temperatures are in ^nhrenhelt. 
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2, CoeplllD.5 and tabulating the data 

Tb« tabulated data for the 36 months were aaseobled into tables sim- 
ilar to the one for May at Aberdeen, Maryland, Table I. It should be 
noted that the Esagctial Teaperature Data in columns 1, 2,  and 3> line c 
(95*1', 7^*? and 53 F) arc the only teaperatures needed to assess the prob- 
able temperature that will be eqjoaled or exceeded through the Indicated 
nunfcer of years up to 100. 

However, the Frequency Data on the same line (83 F, 85 F, etc., to 
95 F) for 36 months at the other stations (3 different mmrths, 12 stations) 
were needed to construct the nomographic device f'satured in this study. 
An understanding of Table I can greatly help in the discussion that follovs. 

3. Coaverblng conventional data to the 100-unit scale 

Conventional teqaerat'ire values (Fahrenheit or centigrade)* cannot 
be used directly on the nomograph. It is adapted only to the use of "con- 
verted" values, that is, values that have bees changed from conventional 
measures (Fahrenheit or centigrade) to a 100-unit scale. The predicting 
is dene In converted scale values, which are then converted back to con- 
ventional (F. or C.) measures. For exaaple, the Sssential Data for 
Aberdeen, Iferyland, were assembled as giv«n In Table I, columns 1, 2, 3, 
line c. Essential Data are: 

(1) 10-year Absolute Maximum (Ablfe) 95*? 
ID-year Mean Daily rtudmum (MDMx) ik'T 
10-year Msan Daily Minimum (MCMl) 53'F 

<fi)   Under Freqijency Date (line c,  colums 5 - 10) are given the 10- 
year frequency occurrence or daily maxima (*F) for six different time inter- 
vals, e.g.. 

83*F daily »axlma occurred an average of 5 days in every Ifey 
Rc*f>        " " " H " H^ifHn it 

89*?       " " 1» it n B ^ fry       n       n n     h/yi) 

93*F  "       " " 1   "       " 3 »fcys (1/93) 

3/31) 

95*F     " " « «       ti n !   n       "lojhy» (l/3l0) 
9U*F       ! " " " " " !     " "  5 y^,  (1/155) 

)) 

«Bote:    ffchrenheit values are used exclusively in the problems in this 
report. 
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The Aberdeen record (in line c Table I) wae couverted to a 100-unit 
scale as follows: 

(l) Reduce each value in line c by subtracting from it tto MCM1, 
53*F (line d). Thus in line e -   " 

the Reduced AbMs becomes ^2*F 
"    "   iSMm        "   21°? 

"   MDMl.   "    0*? 

^2) In order to corvert to the 100-unit scale (line f), the reduced 
AbHc (te*P) or taqperatvxe range between the MDHL and KblkJ is changed to 
100 and the MDMi (col. 3) becomes zero (0). 

How where do each of the other items (coluaos 5 through 10) in line 
e fit into the 100-unit scale? Multiply each by 100 and divide by U2* 
TConversion formula: multiply by 100 and divide by the reduced AbMc.) 
Thus each Fahrenheit temperature in line e is proportional to its corre- 
sponding converted value (CFT) in the 100-unit scale in line f. 

It shculd be noted here that CNDMx 50 (Coluan 2} Is the key to the 
frequency distribution (converted scale) of doily maübam teaperatures in 
May at Aberdeen, Maryland. However, it was found that from station to sta- 
tion and Month to month the asysmetrical (skewed) position of the CMBMc 
ranges widely, in fact from 38 (Minneapolis in May) K  75 (Tuna in Septenfcer) 
on the IOC-unit scale (Table 11, the two underscored CrSMc's).* In other 
wards, the position of the CMEKx's between 0 and 100 0« the converted scale 
is the measure of the asyiaaetry and furnishes the pattern of the distribu- 
tion of dally maxlmoa taqperatures between the CAbtb (lOO) and the CMDMt (O). 

k.     Some assuaytions basic to the method 

a. The frequency distribution of Daily Marl mm teoiperatures for the 
present and future are reliably related to taqperature distribution of the 
past. 

b. The asyiaaetrlcal position of the Mean Daily Maximum teaperature 
bertwean the Absolute Hudnua and Mean Sally Mini «a furnishes nearly 50 
patterns of distribution, one of which may be found to be satisfactory for 
any station for any of 5 mna months. 

c. Tae Mean Saily MMdaaa taqperature for any station through 10 or 
■ore ye'jrs is a near constant. 

«Bjr extrapolation, the ran«« of CNEMx was extends«! dowmard to 36 and up- 
mrd to 80. (See Fig. 2 aid Table HI) 



TABIiE XI: PAIRED CCSVStTED TSMRTOATOBS VAIflBB USSD SXB 
THE CONB'SRUCTION OP THE QBE HAI FBR MOKE 

HUSDICTICn LIBE (10 UMTS Of 310) 

CMDHx era CMMc CPT 

Aberdeen, Mi. 
May 
TiOy 
Sept 

50» 
57 
51 

86* 

85 

Kansas City, Mo. 
May 
Ju3y 
B&ffb 

U3 
90 
83 

Shreveport, La. 
May 
Jtüy 
Sept' 

66 
61 
58 

93 
91 
88 

Vortlaaä, Ore. 
Mgr 
July 
Sopt 

80 

Manchester, H.H. 
my 
July 
Sept 

US 
60 
53 

70 
87 
91 

Helena, Jfcnt. 
»fcy 
Ally 
Ssfpt 50 

66 
93 
90 

Mlnneapolit, Minn. 
Jfcy 
July 
Sajix 

r 
45 

7^ 
91 
89 

Baker, Or«. 
•fcjr 
July 
S«pt 

| 
58 

86 
9U 
91 

Ronrell, H. Max. 
May 
July 
Sept 

«6 
73 
60 

88 
90 
87 

Ssnvtr, Ool. 
May 
July 
Sopt 

y 
67 

87 
86 
9^ 

Mt. Cltmum, Mich. 
May 
July 
Sept 

^3 

?3 
89 
85 
80 

rum, Arts. 
May 
JUly 
Saft 

62 
71 

88 
89 
95 

« According to a 10-ttsy record (310 days. Table I), Aberdeen had a CMMc 
taaperature of 50, and 1 day in 31 (1/31) a Convert»! Frequency Taaverature 
(C7T) of 86 or «bow. but below 95 (hase of adjacent tlae Intexral, (l/93). 

** Underlined numbers 30 and 75 roprvseat the lowest and hlfbeet OCMc for the 
36 records (3 nntbs at each of 12 stations). 

Sot«: The CfT's beeaw CPT'» vhen generalised In the ■wagrsph aad fable IH. 
Mote: It Mist be pointed out here that 12 of these eooths IMTS 30 days each, 

and 2^ aootha have 31 days each. The loiograph and Tsbla HZ Integrated 
the 36 records aad proceed as If each aonth has 31 days. Of course 
this does not coincide with the facts. However, the error Is assunad to 
be negligible. 



d. TLe Heap Dally MLnlmum tsngjeratwre for any atatlon through 10 or 
more years 1B a near conatant. 

e. The Dally Msuclmm tennseratures (DMc) through 10 or more year» 
(e.g., 310 Hay days rearranged In nuoerical M^ienee) la an increaslag 
variable, but with a decelerated tread corxe«poading to the trend of a 
series of dally mexluB, arranged In an ascending nuasrical sequence. 

f. This trend nay be discovered by plotting the ascending deceler- 
ated series on a skew-log probability scale, using data frcn 10-year 
records. 

g. The Mean Daily Mlnlnum is a near stable anchor from which to 
measure the oscillating extreme maxima. 

h. Usually, sumaaiy temperature records provide the essential dota 
for computing the CMDHK and for predicting daily snaxiiaaa temperature fre- 
quencies through any required span of years. 

1. Tests for the spread of CMDMK from the latitude of Singapore, 
Malay*, to Tanana, Alaska, gave results well within the 36 to 80 of CMDMc 
on the Nomograph. 

PART n - noHmkiE. BASIC SBCTIOE 

5.  Constructing the Basic Section 

As stated before, conventional tenperature values (Rahraaheit or 
centigrade) cannot be used directly on the nomogrspli (Fig. 2) but must be 
converted to a 100-unlt scale. (See Table I.) The July and Septeufcer 
daily maxinuffl temperature records at Aberdeen, Maryland, «ere processed 
in the same way as those for May (shown in Table I). Corresponding records 
(I9l»6-1955) for the sans months at eleven other stations in the United 
States (Pig. 1 underscored) were processed in the same msnner - 36 records 
in all. The CMDNc's ranged from 38 to 75, each associated with a family 
of converted frequency temperatures (CFT). (Ftor example, Cl€»te 50 In Table 
I, line f is associated with the converted values in the same line.) These 
CWs are converted values of Oftt's which actually occurred within the 
given frequencies (line e. Table I). 

The sloping l/31 line of the nomograph was plotted as follows: The 
CMDMc 50 (Table I, line f) and the CFT 86 (Table I, line f, colum 7) are 
the paired converted teamerature values for Aberdeen, Muryland, for .1 day 
in «ach fey (year), or 1/31. (These paired values are shown at the begin- 
ning of Table II.) There is a corresponding pair (CMXtc and CFT values) 
for each of the other 35 records, ranging fro* a low CMMc of 38 (!*y at 
Minneapolis) to a high CMOfe of 75 (September at Yuma). Each of these 36 
pairs (Table II) is platted (stars) on the Basegraph Basic Section (Figure 
2). The (curved) line on the nomograph for the frequency 10 days in 310 
or an average of 1 day in 1 month, l/JL, is the visual "best fit" through 



and asüng the 36 plotted etars. "Hie shape and position of this curved 
line is influenced somevhat by that of the nine aseociated curved predic- 
tive lines in the Basic Secion, all of which are slmOarly derived and 
nutually adjusted. The generalized predictive curves are for frequeaciea 
ranging from 25 days in a given month (25/31) to 1 day in 310 days (l/310, 
Btraigfet line) of the same month (i.e., 1 day in 310 May days, or 10 years) 
10 predictive lines in all in the Basic Section. 

6,  Predicting maxlmca tenperature frequc-ncies hy use of the BomoffiraBfa, 
Basic Section 

Let us now go hack to Table I and find out how near the predicted 
maxima for May at Aberdeen, Maryland, coma to actual occurrences. There 
are three steps in finding the predicted oaxina from 10-year records (Basic 
or Extrapolated Section of the nomograph): l) Find the CMDMic, 2) Find the 
CPT» for the required frequency, 3) Using the Reconversion Stonnula, recon- 
vert the values to degrees Fahrenheit. 

The cmto. for May at Aberdeen is CMDMx 50 (see Tahle I). 

CPT values are found as follows: If on the nomograph we follow the 
horizontal line corresponding to CMDMic 50 to its intersection with predic- 
tive line 5/31 (? days in 1 May, or 1 year) and then follow this point of 
Intersection to the top - the CM scale - we get the CPT value of 72. 
Corresponding converted predictive temperatures for from S days in 1 year 
to 1 day in 10 years are found by the same method to he: 

5/31, IE; 3/31, 12; i/3i, §1; 1/93, 2& 1/155, 2^ «"i i/V-O, 100. 

The formula for reconversion for maximum 1-day temperature ('P) asso- 
ciated with given frequencies is: 

Predicted Mfe ('F):  ^ ^~ MDKL) + MDM1      Fonnula 
(Reconversion) 

(Substituting:)    ^ (q5F . r-™^ 
Probable DMK, 5/3I:   '   155    + 53F = 83P»* 

Probable DMx 3/31-    ^  100     + 53 = 86F 

Probable I»k 1/3I:   ^ ^gg     + 53 - 90F 

*Note that the CfT values were taken from the actual maximum teaperature 
frequencies at 12 stations, whereas the CPT's are generalized values 
taken from the nomograph. 

**See footnote c to Table I. 
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MULTIPLE NOMOGRAPH FORPREDL 
MAXIMUM TEMP! 

 TO     PREDICT      FROM 1 0     Y E A 

Bask    Section       From    25    Days     In    a    Given Month    U 
Constructed From Actual Freauwncy Distribution Of Daily Maxima Al 

In Rapres^ntativa Areas In Thg U.SA 
.. ^pfi C    O    N    V    I     BT    E    D 

2J 30 35 40 4S 
rnr I« 0    I    C    T    I    V   E 

Evplonotion of General Symbols: 

<r   Stars in the Basic Section represent paired converted temperature yalues(Ck 

▲   Triangles in the Extrapolated Section represent CrT vaiwe« «xrrapoiared froi 
and used to construct the 1/620 prediction curved line. 

•   Dots in the "Duration" section for line "xy", identifying the CMDMx 60 (on 
"^   values tc use in place of 12 different patterns of longer or shorter records(1 

V     I   Examples A and B are discussed in Appendix C. 

I     I     Examples Aberdeen and Portland are discussed in the text, Sections 6 and 

J Figure t 

9 



iRAPe FOR PREDICTING FREQUENCIES OF DAILY 
MAXIMUM TEMPERATURES  
FROM      10-YEAR      RECORD     ONLY 

G    Given     Wonth    Up    To    10   Years 
icy Distribution Of Daily Msxima At 12 Stations 
s,-e Areas in The U.S.A. 

Extrapolated     Sactien 
lncr«m«nti,   20   to   100   y«or$ 

Extrapolated   From 

Basic   Stttion 

lEMPER'ATUR "I    T 

Prodieting From 

Long Rocordii 

Up to 100 Yoort 

Duration Soctian 

TO FIND THE  10 YiiM 
CMDM« tOUIVAUEHTS 

10    10   40 «0 100 

inverted temperature vclues(CMDMx and associated CFT values, Table il) for the 1/31 curved prediction line. 

;t CPT vaiuas extrapolated from the CPT trends in the 45 CMDMx predictive patterns  in the Basic Section, 
urved line. 

identifying the CMDMx 60 (on the 10-year vertical accentuated line) represent predictive pattern of CPT 
s of longer or shorter records(1/93 to 1/3100). See text, Section 12. 

< C. 

Jed in the text, Sections 6 and 14, respectively. 

Figure 2 

9 
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Probable DMx l/93:  ^  IQQ   + 53 = 92F 

Probable DMx l/l55: ^ ^ " ^ + 53 = 93F 
ICO 

Probable Mfe l/jLO: :L00 ^^ " ^) + 53 = 555. 
100 

It nay be seen that the values predicted from the nooograph (itae 9, 
liable I) for May at Aberdeen do not depart from the recorded (line £ Table 
I) at any predictive level by more than IF*. However, it should be^expected 
that the CMDMx 50 pattern ■would alvays do as veil on other sumnaiy lO-year 
(7 years to 1^ years) records. 

7. Constructing Table HI Bas 
graph (Pig.2) and Its use 

Each of the 10 predictive lines 25/31, 20/31, 15/31, etc., in the noac- 
graph, Pig 2,  Basic Section,crosses ^5 horizontal CMEHc lines (36 to 80) 
making in all U50 fixed converted predictive tetuperature (CIT) values. (For 
exsnple, note the six CFT values associated with CMDMx 50 in the preceding 
problem.) These ^50 constant values (CPP's) are entered in Table IH. 
They ere the underlined, or principal, numbers in each cell. Tbey are 
CPT's for predicting from lO-year records, (The oth r nunbers in the cells 
are CMDMK Identification factors, to be used if the r-iccrd is longer or 
shorter than 10 years, and will be explained later.) 

This table may be used instead of the Momogrsph ror predicting the 
probable daily maxima. For exeBple: The CPP values associated vith CMKte 
50 In the problem discussed above (72, 79, 87, etc.) are to bt found on 
the table. Ibllow the numbers (underscored) on the horizontal CMDMK 50 
line to the required time interval in the column heading at the top. Once 
you have the required CPT value, the procedure is ths same; that is, you 
substitute the CFS values in the Reconversion Stonaula. See Appendix D, 
Example A, for the use of the table in predictions. 

PAgr III - HüM>3SAm.gmAP0LftTEP SBCTIOrf 

Often it is desirabl. to know the daily maximum temperature probabil- 
ities for periods of time longer than 10 years. Thus, it became necessary 
to construct the Extrapolated Section of the Homograph. 

8.  Theory and Use of a Skew-log Probability Scale 

It may be noted (Basic Section, Table m) that the converted predic- 
tive tenperatuie values increase as the length of the record increases. 

11 



?or example, itor CMKfe 60 the converted value« for 1, 3, 5 and 10 years 
are respectively, 90, 9^, 97 and 100.* When these four values are plotted 
on a s&ev-log adjustable probability scale«« (Fig. 3) and the straight line 
connecting them is prolonged to 1 day in 3100 (1/3100 or 0,038^) (100 Mays 
or 100 years) the dsclle-interval converted predictive tenperature value« 
(CPT) becomes 

103 for 20 Mays (1/620)     107 for 50 Ifcyu (1/1550) 
lOS for 30 Mays (l/930)     1CÖ for 60 Mays (l/l86o) 
T56 for ^0 Mays (l/lj^o)    110 for 100 Jfeys (l/3100) 

9. Construction of Nomograph, Extrapolated Section 

The process described In the preceding paragraphs of extrapolating 
the values of a 10-year record (specifically the associated CPT's of 
CMDMx 60) into a period longer or shorter than 10 years was repeated for 
each of the other kk CMDMx pattams (36 to 80). The Ut triangles on the 
Extrapolated Section of the Bomograph furnished the "visual" pattern for 
the predictive line, 1 day in 20 Mays or years (620 May days, l/620). The 
other predictive curved lines In the Extrapolated Section (1/930, 1/121*0, 
I/155O, etc.,co 1/3100) vere constructed in a similar manner (see curved 
lines on Nomograph, Extrapolated Section). As in the Basic Section, the 
shape end position of the curved predictive line« in > *- Extrapolated Sec- 
tion vere influenced somewhat by the chape and position of the associated 
predictive lines, all of «hleh vere slallarly derived esd mutually adjusted 
Thus v&s constructed from 3$ monthly records at 12 scationa a nomograph 
based on 10 years of tabulated monthly maxlaum temperature frequencies from 
vhich It is nov possible from abbreviated records to predict the frequency 
of expected maximum temperatures for any summer month for 1, 3, 5, and 10 
years, and also (Extrapolated Section) for decile yearly increments from 
20 up to 100 years.««« 

10. Using the Homograph: Predicting from a 10-Year Record, the Probable 
Maximum Tea^peratures for a Given Month from 1 to ] 00 Years 

By use of the Homograph (Fig, 2, Basic Section) mtxLmm tuverature 
predictions for Aberdeen vere naoe for period» of 10 years or less (see 

«See underesored values on CUB»« 60 line, Table III. 
««The skev-log probability scale is a 3umbel Sxtreaa probability scale 
superiaposed on tvo-cycle logarithmic ptper. Because of its flixitlUV, 
a curved line of dlBtrlbution may be converted to a near straight line. 
See reference k. 
«*«£be nonngr&ph and Table HI may be used also to predict the nmTlimim 
tea^erutures to be expected for as many as 25 days per month (25/31). 

12 
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section 6 above). Sow by use of the Srtrapolsted Section of the Bomograph, 
predictiona up to 100 years nay he made from the lO-year record. 

For example, let us consider the above-aantiosed Aberdeen-May pattern: 

We have CMMte 50 (Table I). 

To find the CTT raJ.uee: We follsv CISfe 50 on the Bcaograph fr»» the 
Baalc Section, beyond the 100 OFF limit and into the Kxtrapolated Section. 
CMDMK 50 Intersects the 20-year predictive curve (l day in 620 May days) 
at a point which vould indicate (according to the scale at the top of the 
graph) a CPT of 105. This and other CPT values of CMCMx 50 pattern, sioi- 
larly found, a^e as foUows: 

20 yr«, 10^  30 yrs, 107  1»0 yrs, 109   50 yrs, ni  60 yrs, U2 
70 yrs,  112  S0 y1"8-' Si  90 yrs, n£  100 yrs, 22£ 

These values are reconverted to Fahrenheit by using the Reconversion 
Formula (Section 6 above). In this Formula, the maJmrn 1-day teogperature 
associated with the required frequency is: 

   100    t+M»tt 

Substituting, for l/620 iSLi^Jlill ... 53 „ 971- 

Substituting, for 1/930        10T (?? - ?3) + 53 - 96F 

Thus the itwYlmm temperature frequency probabilities for Aberdeen in 
Hay are: 

1 May day in 20 years (1/620 May days):      9TF* 
1    " " "    30     " (l/930 May days):      98F 
1    " " "   kO     " (l/l2Jt0 Nay days):    99? 
1    " " "   50     " (1/1550 May days): 100P 
1    '' " "   80     " (l^l^eo May days): 101F 
1    " " " ic»      " (I/31OO May days): lOlF 

The 10-year smnary record (AbMx, MCMx, MCML) for any station for any 
sumer month may be used for predictive purposes after the CNDMc pattern 
has been computed as in the Aberdeen example.    For another illustration of 
the predictive techniques, see Appendix C, ficvqile A. 

*See footnote to ftsble I, line c. 
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U. Construction aad Use of Table HI, Extrapolated Section 

There are about to) constant values at the iatersectloas of the hori- 
zontal CMDMK lines (36 to 8o) and the nine sloping prediction lines In the 
Extrapolated Section of the nomograph. These CFT values are entered in 
Table III, Extrapolated Section, underscored nuntoers. Table m say be 
used Instead of the Homograph for predicting probable mwrtwinii toqpercturea 
and frequencies for any given euasaer Ecnth for periods of 15 to 100 years. 
The steps are the seine as for predicting from the Basic Section (see Sec- 
tion 7 above), or for predicting from the nomograph: 1) Find the CNUfe 
2) Find on the table 'or Koaograph) the GET for the required frequency 3) 
Use the Reconversion jformla to convert to *F. A coiqplete exaqple of this 
type problem Is given in Appendix D, Sxaaple A. 

FART IV - COHSTROCTIOa 0? THE HQWXIRAEH. "DORAIIOS" SJBCTIOlf 

12. Derivation of Data for Constnictlag "Duration" Section of the Hoaiograph 

It must be remembered that the OFT values (underscored nuntars) of 
both the Basic and Extrapolated Sections of Table HI are keyed exclusively 
to 10-year records and, therefore. Table III may be used for prediction of 
Daily Maximum Teiqperatures and Frequencies when the essential data (AbMiC/ 
MDMx and MDMl) are for approximately 10 years (8 to Ik). 

When the suzmarized data for processing come from records longer or 
shorter than 10 years, the "Duration" Section of the -jooograph nust be used 
to identify the 10-year equivalent pattern to substit'-Ae for the CMCMc for 
the longer or shorter period o* reccnd. 

Every line in the "Duration" Section of the nonograph (vertical, hori- 
zontal and sloping) is keyed to the accentuated 10-yaar vertical line, nie 
essential data for drawing the sipping lines in the "Duration" Section are 
the numbers (act underscored) in Ta'/le HI.  These values are cooputed as 
follows: It nay be seen that daily aaxiMM temperatures vhen arranged in 
a numerical sequence, become progressively higher with increased length 
of record, but at a decelerated rate. This is illustrated, for axasple. 
In Table TII, where the CPT values (underscored mafcers) associated with 
CMDMK 60 run as follows: 73, 80, BJ, 90, Sb, 97,  100, eta., to 110, respec- 
tively, i Ach of these values is keyed to the 100-unit s-ialo with the 
OCMc 60 aid the 10-year basic record. However, this whole 10-yaar sequence 
of CPU's aseociated with CMDMx 60 may be converted into an equivalent 100- 
scale sequence corresponding proportionally to, for exonple, a 70-year 
record. 

In this case, the CFT 109 (extrapolated 70-year prediction, based on 
10-year records) becomes OPT 100 for an equivalent 70-year (record) OPT 
scale and the 10-year (record) CMDMx 60 becomes the 7D-year (record) 
CMDNbc 55. 

17 



/Too timeB |g^ = 55.CA6 or 55 (rouncted) 

See "55", (got uuderllaed) CMDMs 60, 70-y«ar column, Table IHJj 

In other vords, the 70-year (record) CVEMx. 55 beconce identified with 
the 10-year record CHDMx 60 pattern of converted prediction valuee. Other 
identification values in the oanxs  line associated vlth CMDIts 60 are (all 
not underlined numbers in Teble III):* 

for 3 years: 63-8 or 6U»» 
5  " 61.9  62 

10  " 60.0  60 
20  " 58.3  58 
30 " 57-1  57 
ko    " 56.6  57 

or 50 years: 56.I or 56 
" 60  " 55.6 " 56 
« 70  " 55.0 " 55 
.1     JQ       ,. 

5^.5 " 55 
" 100  " 5^.5 " 55 

CMDMr (36 to 80) - more than 
700 such entries in Table III. 

When the above-mentioned CMDNx 60 Identification values are entered 
on the nomographic grid in the "Duration" Section of the Homograph, they 
determine the smooth identification curve "x y". Similar curves «ere con- 
structed for each of the other CMDMx's (36 to Bo) from the associated values 
In Table III, i.e., the numbers not underlined. The CNDMc identification 
values for the numbers QQ£ underlined In Table in arc fach associated vlth 
a counterpart in the "Duration" Section of the Kcuograph^ and some one of 
these more than 700 CMDMx's is assumed to represent the vsttern of sunaary 
temperature record (AbHx, MDMi and MEMc) of 3 years to 100 years for any 
suamer month. 

Since the "x y" line, ("Duration" section) representing the CMDMic for 
any length record from 3 years to 100 years, crosses the 10-yaar line (ver- 
tical, accentuated) at 60, it follovs that the CFT values on CMNc 60 may 
be used for predictive purposes for records running from CMMc 55 to CMCHc 
6k  for any sunnier month from 3 years to 100 years. 

For another exaople, it is evident that a 90-year record with a CMXc 
kh would use the 10-year (record) CMMte 50 pattern 0? converted teaperatures 
(CPT) for predictive purposes. (In the "Duration" Section of the nomograph, 
at the point where horizontal line CMEMx kh crosses the 90-year vertical 
line, follow the nearest sloping xlnc to where it crosses the 10-year ver- 
tical line: CMDMic: 50.) Each of the sloping lines la the "Duration" Sec- 
tion is designed to serve purposes similar to the marked "x y" line. 

«The identification values for the nunbers not underlined «ere conputed in 
the same maaaer as the present CMTMx 55, Table III. 

♦•Rounded. 
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To recapitulate: In order to aake Table III more useful, the numer- 
ical CMDHJC value at each Intersection (eloping and horlzon+al lines) In 
the "Duration" section of the Homograph is entered with its lO-year (rec- 
ord) associated CFf value (ccoputed as shown earlier) in the 10-year pre- 
diction Table HI (numbers not underlined). There are more than TOO such 
entries in Table m. Thus, the CMDMs kk mentioned in the above paragraph 
may be found in the 90-year column (nunber, vat underlined) associated vith 
the 10-year-record CMDMc 50 and 10-year-recoixl CEP 11^ (the underlined 
number In the same cell). That is to say, the 90-year-record CPI is at 
least 1.1k times the 10-year-record CFT. Let us solve a specific problem. 

13. gsing Table III, including identification nuabers OOte's (not under- 
scored) for Indicated lengths of record " 

Solution of problsma Involving record of »ore than 10 years can be 
done more eauily by use of Table in than by the nomograph.* 

ijiven: In May at Portland, Oregon, during a 78-year record: 
AbMx: 99F    MMc: 68?    MBMU MSF 

Required; What May day maxinmi tenperatiire should be expected 1 day 
in - 

20 yrs (l/620)? 50 yrs (1/1550)? 100 yre (l/3100)? 5 yre (l/l55)7 

Solution: 

a.    Find the 80-year (record) CMEtfe 

^—-^      100 (MMtc - MMtt) Formula:    CMDttc: ■ ~      \"u™- SfS-i. 
AbMK - Mtttt 

(Substituting:)     100 (68 - W) m 39#2 
99-48 

Find the 
column 

e 10-yr (record) equivalent to CWatc 39 in 80-yr 
(Table III) 

Method:    Follow down the 80-year column of nuafcers not 
underlined to nunber 39, that is, the CMDMc for 
80-year record.   This is found on the CMMc ^5 line. 
Therefore CMMc 1*5 10-yr pattern will be used for 
prediction.    (Increasing the length of the record 
increased the AbMc but at a decelerated rate, thus 
changing the CMMc pattern, 39 In one Instance, it5 
in the other. 

»For another Illustration, see Appendix 0, Ssaqple B:   KSMIKS City 
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c. Find the required CFP's, ualng the CMPMic k% pattern 

tfetboi: Pollov CMDMc ^5 from left narglD to each required 
time interval, ae indicated in colunc haadlag at 
top. These CPT's are: 

For 20 yeara, 106; Fbr 50 yeare, llj; 100 years, Ug; 5 years, 2[ 

d. Find the 10-year (record) predicted Absolute ItaigUB 

Fomila: ™SJ& yr Abte ^ 80 yr tdil) 4 „^ 
80 yr CPT on CMDWc »»J 

(Rote: Value in denominator above is in the 8o-yr 
column, CMDMc kj  line of table. That is, the 80-yr 
Abife is CPT ill on the ^-y1 table.) 

Substituting: 100 (99F - USF) + U8F - 9ßF 
117 

e. Reconvert CTT's in (c) to *F (using 9ßF as Abitc) 

Ponaula (Ute associated with given frequencies:) 

CPT (10-yr Abte- 80-yr Mgtt) + ^^ 
100 

(Subftituting CPP's from c above:) 

Predicted 20-yr Mx   ~-yü " ^ + W - 95F 

Predicted 50-yr NK   113 (g - 1*8) + 1*8 - 98F 

Predicted 100-yr Mc  1I9 (^ ' ^ ♦ W • 100F 

Predicted 5-yr »c    25 (g^- 1*8) + W - 90P 

When the constant values listed in Table in are entered on punch 
cards an* directions according to the preceding formulas are given to a 
computing machise, processing of the data for the frequancies of expected 
dally muiMm tenperatures can be done quickly and accurately. 
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1^. Using the "Evrratlon" Section of the Bcmograph for predictioa 

This example shows bow to use the oonograph constructed from IC-year 
dally records to predict daDy xaxluKm probabilities from suanory records 
of more than 10 years - in fact, from 3 years to 100. The prohlem is the 
same as the one for Portland using Table HI, Section 13« 

Given: In May at Portland, Oregon, during a 78-year record: 
Ablfc: 99F    MEMs: 68?    MDMi: UQ? 

Required; What May day maximum temperature should he expected 1 day 
in - 
20 yrs (1/620)? 50 yrs (1/1550)? 00 yrs (l/2l*80)? 

100 yrs (1/3100)? 5 yr« (l/l55)? 

Solution: 

Find the 80-year CMMfe (for 78-year record). 
This is 39.2 (see Section 13 above, part g of solution). 

Find the 10-year equivalent CMMc pattern. 

Method: On the "Duration" section of nomograph, follow down 
the 80-year vertical line to CMDNc 39* Then follow 
the nearest sloping line left and upward to vertical 
line 10 y*ar8 («eeentuated). •Stä.B  is on horizontal 
line CMDMx k6.* 

Find the required CPT values in the CMLltc k6 pattern. 
(See "Portland Example") 

Method: Follow CMDMs 1*6 left to predicting sloping lines, 
1/620, 1/1550, l/2l^0, 1/3100, 1/155 (»ee arrows 
and circles). Thence, go upward to corresponding 
CPT values 106, 112, ll6, US, and 95, respectively. 

Find the 10-year (l/310) expected May Äxlman 

Substituting: 100 (??? - ^ + WF - ^ 

«The Table value is CMEMc U5. The alight difference hare is negligible and 
is to be expected. If the values in the Table and on the Holograph were 
expressed with fractional exactness, the predictions would agree eron more 
closely. In order to make serious differences In predictions the CMNc's 
would need to differ by several units. 
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e.    Reconvartlng CFT's in (c) uslag 92? as Abite 

Fomula:    Re^-.lrad Predictions: 

CRg (10-yr. Abte - 8o yr. MDML) 4 j^^ 
100       --- ■ ^ 

Substituting; 

Prediction for 20-yr Ms  lo6 ^'^ + W «-• 95F 

Prediction for 50-yr »fe  ^^ (2^-!fQ) + U6 » QJF 
100 7 

Prediction for So-yr lb      ^ i^"1>8^ + W - 99? 

Prediction for lOO-yr Mx     lää (gS'1^) + l»a . lOOF 

Prediction for 5-yr Mx 25 tSS^Si + 1*8 - 90P 
100 

PftBI Y - THSTUB THE BKT.TAKTT.TTr OF MB MÜ^KH) 

15. Internal consistency 

Tabulated actual tenperature frequencies for a lO-year (10 May) record 
at Aberdeen are given In Sable I, Frequency Data, line c. In line g are 
listed the corresponding temperatures and frequencies as predicted by us* 
of the aoaograph froa the gawntlal Data in line c. nils nay be tanwd the 
Internal consistency of the aetbod. Predicted tea^emtures at each of ti» 
six frequency levels are within IF* of the recorded. This test could be 
repeated for the 3 aonths (My, July and Septeaber) for each of the tvelve 
stations. 

16. 'Jestlaa the «athod for a different ■onth fAuausU 

Tests sisdlar to that for Aberd«en (ifcy* July and SeptoAer) vare Mde 
for the aooth of August for four widely asperated stations (BMateod, I.I., 
Fatrfleld, Ohio, Fort Bragg, I.C., and Brownsville, Tex., Fig 1). The 
results are shown In Table I?. It MOT be seen that the recorded tsqpeni- 
ture frequencies for August did not differ froa the predicted at auy of the 
seven frequency levels by aore than 2F* '28 ccavarlsons in all). 
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17« Testing the methoi by use of extended record« 

SumBrlsed records for longer than 10 years äuration vur« foun4 tor 
five of the eoqponeirt stations sbovn In Figure 1. "Statte «»re tabulated 
for Hay,. July and Septenfcer. Associated «1th the smnarlssd data for aach 
are thi predictions at various time intervals froa 1 to 100 years (Able ?). 

The first line for each month gives mmarixad data and seven tabu- 
lated frequency values of recorded daily naclaua tasqperattarso for 10 years 
only. The remainder of line 1, of course, is blank. «*» 16 freguancy taa- 
peratures in each of the second, third and fourth Haas for aach aoBth ax« 
all maxims predicted from the independent stmoarlied data la the so» HUM. 

The starred temperature In each line Is the recorded maimm tot the 
time (decade) intervals, in years, shown in the first Humeral eolunt {kOt 
6l, 15, 67, 56, etc.). The first line for each month gives recorded aud- 
Huffl tenqperature frequencies, based on a 10-year record, n» second, third 
and fourth lines of frequencies are pred^cticas for the eorresponding months, 
made from the summarized records. See formulas in ippendlx D. 

The problem of saiqpllng Is critical. In general, the longer the eon- 
tisuous record, the higher the Absolute Muclaua t«qparatur« (AbUt) «ill be. 
(Bsker, Oregon la July with 101, 10ß, 103 aad Kaasas City la BaptaAar «ith 
107, 106 and 109). However, if the given records are not cootiaaous, or 
the longer records do not inelnd« the shorter ones, then the coaparative 
predictions may appear erratic (Baker, Oregon la ibar). I» the case of 
Baker in July, the predictions from different length reeorla (10-, k0-t  aad 
6l-years) do not differ at any decile level by more than 2F* to 3!"*, «van 
though neither the kO- or 6l-ye*r records included the 10-yaar daily mail- 
aua record. Tberefoie, the predicted maxima frosi a short record mtf rua 
higher than in the predictions from a longer record, e.g., Shreveport, la., 
In July. 

In general, the 10-year imnxlim« teaperatura predictions from the lon- 
ger records were soaevbat lover then the recorded 10-year 

The conclusion, evidently, is that the essential stonarlxed data 
should come fron relatively long records if the predicted tcatnators fre- 
quencies are to have satisfactory reliability. 
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Saggug and coaaeate 

a. Tte k5 patterns of madmm taa^eratur« distribution cover ads- 
<]u»tely the range esoentlal for satlsfsstory prediction for sunner oonth*. 

b. Four Iteas of essential data are generally available for vide 
area], coverage. 

c. The method is satisfactory for nanual eoaputatioa and prediction, 
and also leads itself readily to aachine procssslng. 

d. Visual impressions of areal distribution of mTimnni tenperatures 
may be secured by mapping processed data. 

e. Variables that recur only at long tine intervals nay not be encom- 
passed vlthin the 10-year coverage. Therefore, predictions from long 
records are preferable. 

f. The validity of the method could probably be improved by integrat- 
ing into the study more stations, more months, and longer records. 
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APPBBDg A 

ABBfflyiAIIQBB AUD QlOBSm Of EWPBMroBE MMg 

1. AbHc ■ Absolute Maxlmm T<ag>»ratvirg; 

The hlg}ieBt temperature over reeorä«£ Ix « given month &t a 
given station. 

2. IMc - DalJly Muclnua; 

The highest teaperature occurring day tij dsy In a given 
■ostlu 

3. DM1 « Dally tttnlBBM Temperature; 

The lowest temperatures occurring dsy by dsy in a given month. 

k.     MEMx - Keen Dslly Hsxlm» Te^erature; 

The average of the Ob's during the period of record. 

5. NCKl - Mean Dally tCLniJMa Temperature: 

The average of the IMl's during the period of record. 

6. RT - Reduced Tesperature; 

Values derived by subtracting the KCM1 trom the iteas of 
essential end frequency data as In Table I. 

7. CPT - Converted Predictive Tasperaturea: 

RT items to be converted to a 100-unlt scale as in Teble I. 

8. CFS - Converted frequency Te^eratures: 

frequency Teaqperatures changed to 100-unlt scale. 

Q.      CAbMc > ConvertgJ Absolute IteUm: 

Reduced AbMc changed to 100 on the 100-uuit scale as in 
Table I. 
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10. CMDMs = Converted Mean Dally Maxlnma: 

Average of the reduced daily maxima converted to the 100- 
unlt scale as in Table I. 

11. CMDMi = Converted Mean Daily MLnlaun; 

average of the reduced daily minima converted to zero on the 
IGO-uail   nCale  no   lju  TablS  1. 

12. CDMK • Converted Daily MBTITWTIII T«Bperatur«B: 

Reduced temperature values (Table I, line e) converted to 
the 100-unlt scale (Table I, lin« f) 

13. FJT = f^ahrenheit Predictive Temperatures: 

CPU values re-converted tc Fahrenheit (plus the MDMt) (See 
7 and 8 above) 

30 



APPEHDIX B 

KESüME AMD SBCjUEHCE IN THE COIICIHUCTION OF THE MJLTIPLB HOMXaAPH 
ADD TBE BQUIVALeKr TABLE (TABLE m) 

1..  Selecting 12 representative weather ßtatioLi. in the United States 
with requisite daily temperature reoordB for three suamer months 
(ifey, July, September), through 10-year periods. 

ti. IBabulattng daily maxi mum temperature frequencies similar to those in 
Table I (36 in all). This had been done in part by U.S. Air Weather 
Service, Data Control Unit. 

3c  Asßembllng tabulations into frequency sumraaries (CMDMsc and CF7. paired) 
corresponding to those on Table II. 

k.     Plotting frequency data (CIT) from (2) and (3) above, thus deriving 
Basic Section of the Nomograph. 

5. Conetructing Table XXI, Basic Section, from the Homograph. 

6. Extrapolation of CFT values in Table HI, Basic Section, by use of 
Skew-Log Probability Scale, thtus deriving CPT vidues in the Extra- 
polated Section of Table III (underlined figures) and Extrapolated 
Section of the Nomograph. 

7*  Computing and entering Identification CMDHc values (numbers not under- 
lined) In Table HI. 

8. Constructing Roanograyh "Dura+lon" Section from CMDMsc items derived in 
(7) above. 

9. Validation of method. 

10, Solution of problems by use of Nomograph, Appendix C. 

11. Solution of problems by use of Tablr III, Appendix D. 
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AHKBDIX C 

FIGURE 2 - THREE-SECTIÖH KOMOGSRAJH FC® HREDICTIRI THB I^VSL 
AHD FREQUENCy OP HIGa TEMEERAIURES OF SDM^S 

SECTIOlfS OF TS£ HICg IBIPEiMJBBK KMXaiUras 

The Basic Section vas construeted from tabtilated cccrerted daily 
maximuB temperatures serared for May, July and Septeaiber for 10 years from 
12 widely distributed weather stations in the united States (Fig, l). for 
construction see Part II. The Extrapolated Section was derived 'by extra- 
polation from the Basic Section. For conatructlcaa see Part III. The 
"Duration' Section is used to find the 10-year pattern in the Basic or 
Extrapolated Section to be used when the basic abbreviated record is longer 
than 10 years. For its construction see Part IV. 

EXPLAK&TTO» OF IQMOgRAFg: 

The horizontal lines (36 to 80, left aargin) represent CSCStx teapera- 
turea; the vertical lines (10 to 128), represent OPT teaperatures; the 
curved sloping lines (Basic and Extrapolated Sections) represent predic- 
tion values for indicated Intervals of tiae trom 25 days In 1 month (25/31 
days) to 1 day In 100 acnths, e.g., 100 Mays (100 yrs or 1/3100 days); slop- 
ing lines In the "Duration" Section are designed to find the 10-year equiva- 
lent for any length of abbreviated record up to 100 years, 

USHiq THE »CtKXffiAPH: Example A - 10-Te»r Record.  "Duratioo"' Sectico not 
Involved. 

Given•. In May at Shreveport, during a 10-year period: 
AbMx, 93?    WMx, 83F    MOI1, 62F 

Reyiirgd! What May maximum may be equaled or exceeded - 
3 days in a year, I.e., 3 days la 1 May, 3/31? 
1 day In 3 7«»" (3 Maya) 1/93^ In 30 years, l/930t 
In 70 years, l/2170t 

Solution: 

Fomula:    OOMx « —Ä - KHii 

(Substit-J  ng:) ~~Q\ . ^—   =• ^T-T or 66 (rounded) 



CMDMx 68 is the pattern for predicting DMx temperat-ore 
for May at Shreveport. 

b.    Find required CPT's    (converted predictive temperatures 
for required time intervals) 

Metnod:    Follow CMDMx 68 from the left margin of the nomo- 
graph (Sign b ) to prediction lines and thence 
upward t.r. rsspective CPT'e (as Nomograph, line 68, 

a^T'cpf1 88 1/93, CPT 2i 
1/930, CPE Wk 1/2170, CFT lOJ 

c    Reconvert to °F 

Formula:    DMx associated with given frsqueucies: 

CPT (Abto OCOMl -nflni 
100 

(Subatltutlng CFT's from b above:) 

Probable 1-day aaxUran temperature - 

3/31 (3 May day* In 1 year)     §1%^ + 62 = 89? 

1/93 (1 May day in 3 years)     ^-^gg"2^ + 62-91? 

1/930 (1 May day In 30 years)    10k (^" 62' + 62 = 9^ 

1/2170 (1 May day in TO years) 10T ^ ^ + 62 = 95? 

Therefore the expected May mxlnuni teaperature at Shreveport 
will be 89? or more 3 days la a year; 91? in 3 years; 9^? In 
30 years; 95? In TO years. 

PSIIQ TB8 ■CMOgRAPI;    Exaaple 3 - TO-Tear Becord.    "DuratlDn" Section 
.__,„_ ^^ „^^       needed for solution. 

Given:    In Septeabex* in Shreveport, during a Tl-year record: 
Xmx, 105? MDMx, 89? MM, 6T? 

Beijuired:    What Septeabfcr dally »1x1»» tosperature aay b« expected: 

«See note assoclated with Table II. 
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5 days in 1 year, i.e., 5 days in 1 Sept, 5/30t 
1 day in 5 years (5 Septembers) 1/150T 
1 day in 10 years (10 Septeatoers) 1/3OÜ? 
1 day in I«) years, l/l200? (to agree vith other 30-dfly figs.) 

Solution: 

a. Find the 7D-Tear GMDfac 

foz   Aa (as Example A) CXDte - ^Jg^^f*1) 

(SuDstituting:)     1C^0^ g^ = 57.9 or 58 (rounded) 

b. find the 10-year (record) eqtdyalent gCMx 

Method:    Follow arrows and signs (0) on vertical lice 70 
(70 years) in "Duration" Section of Homograph 
downward to GMMx 58 thence left and upward on 
nearest sloping line to 10-yr vertical line 
(accentuated).    This intersection is on CMTftfe: 63. 
use the CPT value? of CXSKx 63 for predicting 
on the 10-year nomograph. 

e.    Find associated CW values 

Method:    On CMKbc 63.  in the Basic and Ext-apolated 
Sections,  find the place vhere it crosses the 
required curved prediction lines,* follow this 
up to the CPT value at top of graph.    These 
CPT's are: 
5/31,82     1/155,21     1/310, laa 
1/1240, 106,; 1/2170, 108;  1/2790, 102 

d. Find AhMy for 10 years  (i.e., equaled or exceeded in 10 
Septembers} 

Method; In the Extrapolated Section follow CMEMx 63 to 
the 70-yr predictive line, thence upward to CPT 
108. The 70-yr AbMx (105F) is CPT 108 on the 
10-yr nomograph 

100 (70 yr AbMx - 70 yr MIMl) ^ „_„ 
Formula: 10-yr Mx -  70 yr CPT, CMWk 63  MIMi 

100 (105 - 67) + 67 - 102F 
108 

•See footnote Section lU. See "Example B", far left on the Romograph 
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e.    Reeonvgrt to °F as In Example A 

Ponaula (l9fe associated with given frequencies): 

CPT (10-yr AbMx - TO-yr MPli) + JQ^ 
100 

Substituting CPE's from c above: 

82 (102 - 67)      ,„ 
Predicted Mx 5/31     1ÖÖ     + 67 = 96F 

Predicted EHx, l/l55 ?T (^f : 6T) + 67 = ICU 
J.Ü0 

Predicted Oix 1/310     1Q0 ^^ 67^ + 67 > 102? 

Predicted IMx l/l2lt0    106 (102 - 67) + 67 « IOUF 
100 

Predicted Mx 1/21T0 -10   ^r    " + 67 - 105F 

Predicted IMx 1/2790 liff j.1?^ .' 6T) + 67 - 106F 
100 
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 MULTIPLE NOMOGRAPH FOR PREDIG 
 MAXIMUM TEMPE 
 TO     PREDICT      FROM      10-YEAB 

Basic    Section       From    25    Days     In    a    Given     Month    Uj 
Constructed From Actual Frequency Distribution Of Daily Maxima At' 

In Repreientative Areas in The U.S.A. 
(CPT) 

15       ' JO 
C    O   N    V    E    ITT    E    P 

»5 iO 35 40         45 

Exctanation of General Symbols: 

it   Stars in the Basic Section represent paired converted temperature values(CN 

▲   Triangles in the Extrapolated Section represent CPT values extrapolated fron 
and used to construct the 1/620 prediction curved line. 

•   Dots in the "Duration" Section for line "xy", identifying the CMDMx 60 (on 
  values to use in place of 12 different patterns of longer or shorter recordsO 

11    Examples A and B are discussed in Appendix C. 

I     Examples Aberdeen and Portland are discussed in the text, Sections 6 and 

\ Figure 2 
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APH FOR PREDICTING FREQUENCIES OF DAILY 
JAXIMUM TEMPERATURES 
ROM      10-YEAR      RECORD     ONLY 

a    Given     Wonth    Up    To    10   Years 
Extrapolated     Saclion 

lncr«m»nt$,   20   to   100   y«nr» 

Predicting From 

Long Records 

Up to 100 Yeart 

Duration Section 

Distribution Of Daily Maxima At 12 Stations 
Areas in The U.S.A. 

Extrapoleted   From 

Basic   Section 
TO FIND THE  10 YEA« 
CMDMx EQUIVALENTS 

sj to 
(•RED 

3   5      1       20   40 60 100 
10 

IS     10    M   40 »0 100 

verted temperature values(CMDMx and associated CFT values, Table II) for »he 1/31 curved prediction line. 

CPT values extrapolated from the CPT trends I'.i the 45 CMDMx predictive patterns in the Basic Section, 

ved line. 

Jentifying the CMDMx 60 (on the 10-year vertical accentuated line) represent predictive pattern of CPT 

of longer or shorter records(1/93 to 1/3100). See text, Section 12. 

d in th« text, Sections 6 and 14, respectively. £ "J I 

Figure 2 

57 
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APPSMDIX D 

TABLE III -■ PATE&RBS OF OOXVEBTKD MSAI DAILT MUOMDM TOtPSSSßaOSBS (caOKx) 
WITH ASSOCIATE) COIVSHTED FRROICTK» TaOTOATORE VÄU3IS CFT KSXBD TO 

A 100-UIIT SCALE AID A lO-HAB HECOHD, AID USED TO CALCOLAIE THE 
SgMfflg £135 SS. gs«w«m or Pftm wxam TagEBAraBE8  

Explanation end Use: 

1. This Is a table of constant values taken tixm the Multiple lono- 
graph (Pig. 2). It is prestawd to core? (approximately) the various 
patterns of dally aaxLauB teaperattxre distributions throu^i the 5 or 6 
svnaei months. The table Is constructed tc resemble sonvfaat the nomo- 
graph from vhlch the data tre taken. 

2. There are kj  Converted Mean Daily Maxima (CMDMx: 36 to 30, left 
column) and associated with each in the rectangular cells on the seme line 
are (numbers underlined) converted predictive tenperatures (CPT) which 
probably will be equaled or exceeded in the time span specified at the top 
of the columns. For eraaple, CPT values 3£ In column 25/31 is associated 
with CMDMx 50 pattern. The other CPT's (underlined nunbers) in thl» 
pattern are: 20/31, W; 15/31, ^J 10/31, 63; 5/31, J2;  etc., to l/310r 
100 and 1/3100, ll^ (19 CPT underlined valuea associated with each 
CMDtoc (36 to 80, left margin). 

3. Botice that the table centers co the accentuated double column 
(l/310) 1 day in lo years, 310 days, because the nomograph was constructed 
from 36, lO-year (monthly) records. For this reason, the 10-year Daily Ifcx- 
imum 1» alsay. ICC-uaits en the conTsrted 
always reduced to zero (O) In this study. 

k.   using Tfcble III for Predictions. Eaaole A - 10-Tear Record.* 
(Only underlined numbers on the table are Involved). 

Given: In May at Aberdeen, Maryland, during a 10-year period: 
AbMx, 95F    MEMx, T^F     MOli, 53F 

Bequired: What Nay maximum temperature may be equaled or 
exceeded in 5 years? 30 yearsT 60 years? 90 years? 

Solution; 

a. Find <XMx 

rur»   100 (MTMx - MWi) Formula: <*mx -       -fc^-jß-U 

•Phis exain»ie was also dlscussecl in section 6, using Koaograph 
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(Substituting:)      i22_ÜLlJ2i . 50 

CMEMx 50 is the May pattern for predicting übt teapera- 
tnzes at Aberdeen 

Ta.    Find required CPT's      (emr.'erted predlctiye teaiperattBes 
for required time intervals) 

Method;    Follow CKMx 50 fron left a&rgln to each 
required tine Interval - indicated in coltun 
heading at top of nomograph.    Ibese CPT's are: 
For 5 yrs, 36 30 yrs, 107 

60 yrs, 112 90 yr», m 

c.    HecooYert to *T 

Fonaula:    (iMx aasociated with given frequency) 

cw .Abite - Man) + „r^ 
100 

(Substituting CPT's from b ahove:) 

Predicted 5-yr Max (l/l55)   ?6. ■(?? ' ?3.) + 53 - 93F 
IvX) 

Predicted 30-yr Max (l/930)     10T CgL^Jäl + 53 = 98F 
XvA.1 

Predicted 60-yr Max (1/1860)    112 Ufa ^ + 53 - 100F 

Predicted 90-yr Max (l/2790)    — ^' ^j + 53 - 101F 

Therefore the expected Maty oaxlsuB temperature at Aberdeen 
in 5 years vill equal or exceed 93F.    In 30 yrs, 98F.    In 
60 yrs, 1Ö0F and in 90 yrs 101F. 

5.    Using Table III.    Exaaple B - of-Year Record. 
(Kumbers not underlined on the table are involved). 

Olven;    In July at Kansas City, Missouri, during a 6T-year record: 
/WMx:    112F MMtx, 92F MOli, TLF 

^0 



Hfc^ulred: What July «axLaoa tanperature my be equaled or ex- 
"^    ceoded 1 day in: 10 years? 3 yeare? kO years? 

Go .^ears? 90 years? 

Solution; 

a. Find the TO-year record dMIx 

Foamla:    OiXllx - 100 C1^ "J1*1) 
AbMx - mii 

(Svbstltutlng!)   100ii^Sri^ ' 51-2 or Ä (rounded) 

b. Knd the lO-yr decord) ^(wlTalent to OOMx 51 in 70-yr 
cduBn 

Method:    FoUov down th- 70-year coluon to the maber 
51 (not_miderlined). mis is found on the CMMc 
56"l^Jie. ISierefore, the CTMh 56 pattern of CPT 
values vill be used for prediction. 

e.    Flna the regulied CPt's   (eooverted predictive teaipera- 
tures for required time intervals) using GHOIx 56 pattern. 

Method:    As in Reaaple A above.    These CFT's are: 
For 10 yrs, 100   For 3 yrs, 0%   For to yrs, lOJ 
For 60 yrs, HO   For 90 yrs,   Ol 

d. Find the 10-yr (record) predicted Absolute WMgJMg 

Itonwlm:     100 (70 7* ****-]? n*™) * Mlli 
70 yr CPT, CKQfx 5o* 

*(ubis value is in the TO-yr colTam, CMOtxJö 
line of table.    That is, the T0-yr AUfx is 
CPT 110 on the 10-yr table) 

(Substituting:)  100 (112 - 71) + 71 - 108F 
110 

e, Recoavert to *F (using 106*F as AbMx) 

Formula: DMx associated with given frequencies: 

CPT (I0.yr AbMx ■ 70-yr IQtt) A M^ 
100 
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(BubBtJtvrting CPTs from 
c above;) 9^ (106 . 71) + 73. = 10fi? 
Predicted 3-yr naucünum 100 

Predicted kO-yv maxiEum ^"^y ^ * U " UIF 

Predicted 60-yr maximum 110 .^tf*' Tjj + 71 - na? 

Predicted 9CVyr maxlrnim 111 (108 - 71) + 71 » 112F 
100 

1*2 



^a« v**; iWIMlBaitBMaBKlSlMIB»!« 

ii 

bT 

U       ^ 

lip 
t ^ 
8 

o      5^ u\ 

s   21SS 

I« 2», 

S     IK. 

8 • i il- 
a 
I 

! 
1 5i- 
5 

1 §•> 

-   2»" 

f   ^ 

84 - 

»fi* 

^ P g. 

«I ^1 ^1 
^ 12 ^ 

'SI ^1 II 
« P * 

^1 II II 
SO ^ -» ft t- ^. 

it st sl 

ä si si 
t: ^ S 
51 31 31 
f: le e 

II II II 
P t VI 

§1 H §1 
P s t 
II II II 
fi fc £ 

§1 §1 §1 

f.  ^ 

ü ü 

§1 §1 
P ü 
im 

im 
p pi 

st st 
p e 
st 11 
ft p 

IIII 
ft p 

llll 
P ft 

It §1 
ft P 

II II 

§1 
ü 

II 
e 
II 

§1 

;l st 

« s 
Hit 
®  8 

n a 

list 

mi 
e ® 

III! 
P ® 
stsl 
ü e 
llll 
v- a 
§111 

SI §1 
ft P 

so     «^ 
VO    so 

it it it it it i It at 
S $ <ä S  & 

U It II It IIII II §1 

Sill 
S   R 

llll 

« 

Hit 

II 
« 

4 

*■ « « ^> 

00 fr- \ü u\ 
in iR iri ii\ 

1 I St -Jl 
a ts « s^ 
It «I I ?S 
CQ t- ^> U\ 

it si ii it i it i 

nil 
« s 

n it n si u 

it it it II n si a a n 
S  £ « 
It §1 It 

4 

II II llll II II II 
$ £  4   $  «   £ 

I It §1 It  St It  It  It  It II 
« ® 4 3   v> 

nil 

1111 

It It It lilt II 
4 
It 

§! It It II II II II Si §! si n It II I! It It II II 

It 

llll 

Sill 

■s  » 
lilt 

St §1 
ä « 

§19 
4   £ « 

Ä 

II §1 

E1 « 

SI It 

so     tr\ 

llll 

11 It 

lilt 

It H 

it   §l 
^ s 

R  R 

"R        UN 

at ii 

aai 
-*        CO 

It II 

Hit 

II It It 
S©     »r»     en 
IA      IT.      in 

lilt 
SO       tTi 
if*     «r* 

It st 
K R 

lilt 
K R 

llll 

.A US 

at at 

at at 
» Et 

§1 31 

31 31 

II 31 

ä £ 

O CO 

«J si 
S £ 
5Ü 3tl 
R R 
81 t! 

* * 
£1 41 

P ft 
«I «I 
£t £ 
«I «I 
« £ 

» £ 
81 SI 
g £' 
fel £1 

fr ON 

41 d 

t ft 
«1 «I 
p ft 
«1 ftl 

4 £ 
Si SI 
5 £ 
£1 6! 
» si 
£1 «I 

P ft 
«j «I 
t ft 
«1 «I 
S P 

a a 
SI £1 

% £ 
«I »I 
S R 
si a 

P ft 
«i «i 
ft P 

p. P 
Kl 811 

£ 8 
£1 SI 
i e 
«I £1 
£ £ 
£1 £1 

«I W 
f P 
$1 » 
ft P 
sy an 
P ft 
£1 81 
a a 
£1 «I 
8 £ 
81 PI 

«c qj S 

«i « «I 
fc n ft 
^i id a 
ft P ft 
84 Sit SÜ 

ft ft ft 
81 SI £1 
£ £ P 
41 «I £1 
£88 
ftl « M 

«I a 
« S 
■si si 
s ft 
S!| BÜ 

p ft 
£1 81 
ft ft 
el ai 
£ 4 
ft! ftl 

if\ jf m 
'e <i se 

& &j & 

\e \S \e 
a si a 
«as 
Eil SÜ SI 

P ft ft 
81 81 81 
ft ft P 
al £1 £1 
4 £ £ 
PI « fl 

SI ä 8 
» » » 
4 £ 3 
«J « * 
« « 4 
SI SI SI 
ü ft « 
£1 41 41 
P ft P 
81 £1 Pi 
a a a 
rt «si rt 

in tn 

It S 
in in 

llll 
IP * 

llll 
m in 

§1 I 

vo « 

*J » 

SI £ 

$ a 
£1 £ 
p p 
ftl ¥ 
£ d 
PI a 

£1 £1 81 PI a ftl M ftl PI ftl P el d ft «I 91 £1 81 £1 41 €1 «I 41 si ? 

PI ftl \2i  ^ ftl P PI  PI «I SI 51 «I £1 4i 4| «t d|  « i?j -Rl IPI  S)  5t  IÄ1  5 

PI  PJ «! 81 »I £1 51 «I SI  SI «I  W  W «I   ^  51 *|  «  SI 31 SI ^1 ii  51 3 

«ppcy.  pfippup« 

•►3 



•/-.;•«^rS^^■■-^^'i^"■s^■V^;^*S^^*e'J'r*■■ 

e    os   x 
t~   \o    $> vovovD(Bvri\o\oy5     tf- s fe^lflÄK^iARS'S&^^rJ.TS^SKÄfeÄ 

vo     ■<?     ^0 

II s! sl 

CM        HOT-      flD        I—      VO        lA^r 
it,     <B     <£,      u^      u^      m      >.'•>      v\      urs 

§1 §| §| 31 31 31 31 31 31 31 31 31 31 31 3 51 51 31 a 11 5111 31 SMI St SI SI SI SI ^ ^1 
i^-^f       meg      ^      Q      i^cü      t-**       u-tjf       rn 
^fiv^iv^vrvr^B      u^^J^     \r\     \r\     IT.     IA     ir\ 

11 11 ;S| II sl §1 §1 §1 §1 n §1 31 §1 3! 31 31 31 31 31 5I 51 31 31 11 51 11 31 SI «HI ^1 II 2i 31 H 

II a §1 §1 sl «III 11 §1 §1 §j §1 §1 31 31 31 31 31 SI 31 51 31 31 31 ^1 51 31 31 S! äl a! ^1 SI 21 al 
s ■? s 

§1 sl sl 
<ö     \o     ^5      u"%     i."\     I/N     iA     tr*     ir\ 

H si II si II II II §1 §1 i 31 31 31 31 31 31 31 3! 5! 51 31 31 11 51 11 3 g SI SI 11 SI 21 

«1 1! si si sl sl sl II §i «1 II §1 §1 §1 §1 §1 31 3! 31 31 31 II 31 3! ai SI 11 51 ?! 31 SI SI SI SI 31 

ii ii ii II n ii ii st §i §i si ii 11 Ii §1 §1 H 31 31 31 31 31 3! 31 31 31 51 31 11 51 31 SI Sl SI SI 

si si sl si s1 s1 II II II II II II si II st §1 g II II II si §1 31 31 31 31 31 3! 51 31 11 51 31 31 51 
»5   v8   ^ 

n si si ii si si si si si i ä ä si ii II II II ii si §t si n II n §i §i ai 31313151 a 11 si si 
s  & « 
si si sl 

w    %    <6    %    *o.    fo     lAiRir« 

si si s1 s1 si §1 si sl 11 11 II fl II II 11 si 1111 si si 11 1! II II §1 §| II H 11 31 31 31 

II §1 Ii 
■i1       vS       \C       vß       \D       w!       -ö       'S        *A 

I! §| §1 Ii §1 §1 §1 §1 II Ii §1 §1 II Ij §|  §| || 8|  §| §| || || §|  §| |j || || 8| §| || || §| 

p p $ 
w m n 

vS     \.D     ^     Co     vn     \ö     vc     'i     ^ 

«aaa'«isi«i«!*i«j'*isiia*isi8Js!i8J«i«1£iai 

Ti   p   f. 
sj S! S^ 

P   P-   $  S   t   «   ■?   sS   «■ 
^ &i a 'S ^ ^ a «} *i. *l H 3J 3J 3J   3  £!  ä  SO  *l  äJ  SÜ  Si £1 SI SI £t ii fil «! d £1 

¥   ie  ?. 
ag  bi 81 

P  SJ   d   P   ®  S   S  iS   .f 
^i  Si  Sl  ^ Si  SÜ  8J  8J  8J Si 

««S^S    K   R   S   ^   «   «   K   A   *   :A   iS   R   »   R   Ä   R   * 
Ri £1 &i 13 £1 SI £t £1 Sl £l £1 £1 31 £91 Sl ft ft H «J 3 £j ft 

£   ^     fc 
Ä1 SI Si 

¥   Ä   P   ?   P   fä   P   fi   & 
si a a $1 £i £i isi £1 «1 <SI a si ai ai si si si PI « H 1^1 ici ö « PI ci ej «i ai 41 »I «I 

a s £ 
a si ai si a si si si ä\ ä\ s\ «! 

p 
el ft ft w ft rt ej PI «sj F!i p) «t «1 a si «1 *| si «I igl si « «I 

ap      f..      K 
«       CC       <D 

8! 9 PI 
s » <b' 3 a £• &■' s a 
el a £i •£! a -a 3 a (S) 

a 
rt ?| «t »! a SI 41 «SI SI SI Öl St «1 ft  « «1  SI ^  « tÜ  fll S<J Si 

p  py  p|  Ei .?1 5*1 .^l *| «I 41 51 3! Öl SI  M ft  « 'Si ^  »J »I  c<|  SI 5! a 51 SI  51 31  31 31 SI  if< ft m 

a «i ^ «i «i s| ^i »j ^i yj «i si s| tq ft si st .ti 'S! si si si si si si si «I fti ss al »j « ^ «l Ö 

^  «  t^ ^i  ^  ^  fi  sg  ?4  Si 91 ^1  ^1 y| it  91  81 ft  W ft  iCI *J  Cl  W  iSI  SSI  Kl  K1 SI  51 Si  81 ft v3i  y 

^   ^   <S   ss 

^3 

R   « S  5 r s »   K  », 

r—' 



PISTRIBUTION LIST 

gggteg 

2 Coiaisanding Genertl, U. S. Amor Materiel Command, Washington 25; D. C. | 
2 Conrnandlng General, Hqs., Ü. S. Army Electronic« Coaaund, Fort * 

Momsouth, N. J. • 
2 ConBandinp General, Hqs., U.S. Army MliBile Conaand, Redstom 

Arsenal, HuntsTllle, Alabama \ 
2 Commanding General, Hqs., U.S. Any Mobility Conoand, 28251 Van I^rke \ 

Avenue, Center Line, Michigan I 
2 Confinanding General, Hqs., U. S. Any Munitions Comand, Picatlmy 1 

Arsenal, Dover, New Jersey 
2 Comanding General, Hqs., U. S. Amy Supply and Maintananca Coaund, | 

Washington 25, D. C. I 
2 Comanding General, U. S. ArnQr Test and Svaluation Coiaaand, Aberdsan j 

Proving Oround, Md- ; 
2 Comanding General, Hqs., D. S. Army Weapons Comand, Sook Island J 

Arsenal, Rock Island, Illinois ? 
1 Comanding •ffleer, U.S. Army Combat Developatnt« Comand, Fort I 

Belvoir, Vlrglnis 1 
1 Consaandant, Is.2, Marine Corps, Washington 25, D. C. 1 

10 Comander, k?wH Services Tectoical Information Agency, Arlington \ 
Hall SUtian, Arlington 12, Virginia ! 

1 Comanding General, U.S. Arny Combined Arms Group, Fort 
Leavenworth, Kansas 

1 Commandant, U.S. An^r War College, Attnt   Dir., Doctrine and 
Studies Div., Carlisle Barracks, Pa. 

1 Comanding Of flow, U.S. Arngr Conäsat Service Support Gtroup, 
Ft. Le«, Virginia , 

1 Comanding Officer, U.S. Army Office of Spec. Weapons Development, 
Ft. Bliss, Texas 

1 Comanding General, U.S. Army Combat Deaslopnents Bqierlmeatatlon 
Canter, Ft. Ord, California 

1 Comanding General, U.S. Ootitlmantal An^ Conaand, Ft. Monroe, Va. 
1 President, U.S. Amy Artillery Bd., Ft. Sill, OkU. 
1 President, U.S. Any Armor Bd., Ft. Ktiox, ^r. 
1 President, ü. S. An^ Infantry Bd., Ft. Banning, Ga. 
1 President, U.S. Any Air Defense Bd., Ft. Bliss, Ttaas 
1 President, U. S. Arnqr Airborne and Special Warfan Bd., Ft. Brigg, N.C. 
1 President, U.S. Any Aviation Bd., Ft. Ruebar, Ala. 
1 Comanding Officer, U.S. Anqf Arctic Test Bd., Ft. areely, Alaska 
1 Oomandant, U. S. Arny Comand and General Staff College, 

Atta« Archives, Ft. Lears^orth, Kansas 
1 United States Any Research Of flee, Box "M, Duke StB^.ae, Durham, N.C. 
1 Director, U.S. Any Knglneer Research ^id Development Lcbs., 

Attni   Technical Document Center, Fort Belvoir, Va. 



KISTRIBUTICN LIST (CCMIS.) 

Copies 

2 

2 

1 

1 

2 

1 
1 

1 
2 
1 
1 
1 

1 
1 
1 
1 
1 

OH Llalaon Officer, ASDL-B, Wripht-Pattercon ATB, Ohio 

Director, U.S. Arne Balliatie Resaeroh laboratory, Aberdeen Proving 
Ground, Maryland 

Director, U. S. Arny Materials Research Apency, Matertown Arsenal, 
Watertown 72, !'as8. 

Coimanding General, U.S. Army Nuclear Defense Laboratory, Aray 
Chemical Center, Maryland 

Commanding General, U.S. Arny CBP Agency, Army Chemical Center, 
Maryland 

Headquarters, U. S. Air Force, DCS/feT, Washington 25, D. C. 
Chief, Life Sciences ca-oup. Directorate of Research, DCs/Research 

and Technology, Headquarters, USAF, Washington 2?, D. C. 
Headquarters, Air Katrriel Coanand, Attnj Tech Library, WSright 

Patterson AF Base, Ohio 
Headquarters, Strategic Air Comand, Offutt Air Force Ease, Nebraska 
Director, U.S. Naval Reeearch Laborator"-. Aot-.: Code 6ll|0, 

Washington 2?, D. C. 
Director, Plological Sciences Div., Office of Kaval Research, Dept. 

of the Navy, Washington 2?, D, C. 
Chief, Bureau of ?:aval Weapons, Dept. of the Navy, Washington 25, D.C. 
Chief, Bureau of Ships, Code 362B, Dept. of the Navy, Washington 25, D. C. 
Director, Special Projects, Dept. of the Navy, Attni SP-272, Wash. 25, D.C. 
Comnander, U.S. Navel Ordnance Test Statical, Attni Sod« 12, China Lak , 

California 
Director, Material Laboratory, NOT York Naval Shipytrd, Attn« Library, 

31dg. 291, Code ?1IB, Brooklyn 1, N. Y. 
U.^. Atomic Hnergy Coraraisslon, Technical Reports Library, Washington 25» D.C. 
U.S. Ato:.ic Energy Commission, Office of Tech, Information, P.O. Box 62, 

Oak Ridge, Tennessee 
Cc-jnanding C-nersl, Defense Supply Agency, Defense Clothing k Textile 

Supply Center, 2P00 S. ?0th St., Philadelphia, Pa. 
National "esearch Council, 2101 Gonstitutlcn Ave., Washington, D. C, 
Gift and Exchange Division, Library of Congress, Washington 25» D. C. 
Ü. S. Department of Commerce, Weather Bureau Library, Washington, D. C. 
TL S. Department of Agricultare library, Washington 2?, D. C, 
Comnandiint, Industrial College of the Armed Forces, Ft. HcNair, 

Washington 2^, D. C. 
Conwandlng Officer, U.S. Ariry Signs! Research and Dev«lojj»«nt l*b.. 

Ft. Honmouth, N. J. 
CosAandant, Air Defense School, Ft. Bliss, Texas 
Conrandant, U.S. Arwf Armor School, Ft, Knox, Kentucky 
Conmandant, U.S. Army Artillery School, Ft. Sill, Oklahoma 
Coiwiandant, U. S, Aragr AvlatlOT School, Ft. Rucker, Alabama 
Comaandpnt, Ü. S. Aray Infantry-Scl:x>l> Ft. Eenning, Georgia 
Comnandent, U.S. i'-rrny Special Warfare School, Ft. Bragg, N. C, 

J 



DISTRIBUTION LIST (COSTD.) 

1     Commandant, US Army Engineer School, Ft. B&Lvoir, Virginia 
1     Consnandantj US krmy Transportation School, Ft. Eostls, Virginia 
1     Consandant, The ^ School, Attm Library, Ft. Lee, Virginia 
1     Commanding Officer, Cold Weather & Mountain Indoctrination School, 

Ft. Greely, Alaska 
1     Director, Marine Corps Landing Force Development Center, Marine Corp« 

School, Qusmtico, Virginia 
1     Library, Arctic Institute of North America, 3li58 Redpath Street, 

Montreal 2$,  F« Q«» Canada 
1     Director, Air Crew Equipment Laboratory, Naval Air Material Center, 

Riiladelphia 12, Pa. 
15     Advisory Bd. on QM R&I, National Research Council, University of 

Rhode Island, Kingston, R. I, 
1     Commander, AF Gsmbridge Reserrch Ctr., Air Research & Development (M., 

Laurence G. Hanscom Field, Bedford, Mass. Attm CRTOTT-2 
1     Director, Air university Library, Attot 7575, Maxwell AIB, Alabama 
1     The Army Library, Pentagon Bldg., Washington 25, D. C. 
1     National Research Council, 2101 Constitution Ave., Washington, D. 0« 


